Objective: Sorafenib (Nexavar w ) is an oral multi-kinase inhibitor that targets tumor growth and angiogenesis. This phase II study investigated efficacy, safety, and pharmacokinetics of sorafenib in Japanese patients with advanced renal cell carcinoma (RCC). Methods: Nonrandomized, open-label study in Japanese patients with metastatic renal cell carcinoma who had received nephrectomy and failed !1 cytokine-containing therapy. The primary endpoint was response rate. Patients received sorafenib 400 mg twice daily (b.i.d.) on a continuous dosing schedule. Results: A total of 129 patients (median age 63 years) were valid for intention-to-treat analyses. Confirmed partial responses were observed in 16 (12.4%) patients, and investigators assessed that 19 (14.7%) of the patients achieved a partial response. Stable disease was reported in 93 (72.1%) patients, and 103 (80.5%) patients had tumor shrinkage. Median progression-free survival was 224 days and the 25th percentile of overall survival was estimated at 288 days. The most frequently occurring drug-related adverse events (any grade) were elevated lipase (56%), hand -foot skin reaction (55%), alopecia (39%), increased amylase (38%), rash/desquamation (37%), and diarrhea (34%). A total of 14 (10.7%) patients had serious sorafenib-related adverse events, including one adverse event of worst grade 5 (dyspnea occurred 35 days after the last dose of study medication). The C trough,steady state values in RCC patients (n ¼ 63) receiving sorafenib 400 mg b.i.d. were similar to those obtained from a Japanese phase I study involving patients with mixed solid tumors. Conclusion: Sorafenib showed encouraging efficacy and was well tolerated in Japanese patients with metastatic RCC.
INTRODUCTION
Renal cell carcinoma (RCC) accounts for approximately 3% of adult malignancies and 90 -95% of neoplasms arising from the kidney (1) . Clear-cell carcinoma is the most common histologic type of RCC, accounting for the majority ($70%) of cases (2) . Approximately 30% of RCC patients present with advanced metastatic disease (3), which is often highly resistant to chemotherapy and is associated with a notoriously poor prognosis (1, 4) . Immunoreactive cytokines, interferon-alpha (IFN-a), and interleukin-2 (IL-2) have been the mainstay of treatment of RCC for more than 15 years (5) . Studies have demonstrated objective responses of 10 -20%, For reprints and all correspondence: Hideyuki Akaza, Department of Urology and Andrology, Graduate School of Comprehensive Human Science, University of Tsukuba, Tsukuba 305-8576, Japan. E-mail: akazah@md.tsukuba.ac.jp and 5-year survival rates of ,20% with these immunotherapies in patients with advanced and metastatic RCC (1, 4) . Although a combination of IFN-a and IL-2 has recently demonstrated encouraging results for lung metastasis in Japanese patients with RCC (6) , new therapies are needed to treat advanced RCC because of the relatively infrequent clinical activity and unsatisfactory safety profile of existing immunotherapies, and because there is a lack of treatment options for patients who have failed these therapies.
Clear-cell RCC is characterized by a loss of genetic material on chromosome 3p; 50% of tumors show somatic mutations in the von Hippel -Lindau (VHL) gene, and an additional 10 -20% show inactivation of the VHL gene by epigenetic changes (e.g. hypermethylation) (2) . Dysregulation of the VHL gene results in the overexpression and upregulation of proteins involved in tumor growth and neoangiogenesis, including those that activate the Raf/MEK/ ERK signaling pathway, such as vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF) (7) . Constitutive activation of Raf/MEK/ERK is associated with the development of RCC (8) .
Sorafenib (Nexavar w ) is a novel, orally available, multikinase inhibitor that inhibits Raf-1 and receptor tyrosine kinases including VEGF receptors (VEGFR)-1/-2/-3, PDGF receptor-beta (PDGFR-b), c-Kit, Flt-3, and RET (9 -11). Sorafenib has gained approval for use in advanced RCC in many countries, including the United States and Europe. Preliminary clinical activity, such as disease stabilization and evidence of tumor shrinkage, was observed with sorafenib throughout an extensive phase I clinical program involving patients with several tumor types, including RCC (12 -15) . In a phase II randomized discontinuation trial and the pivotal phase III Treatment Approaches in Renal Cancer Global Evaluation Trial (TARGETs), sorafenib significantly prolonged progression-free survival (PFS) 2-to 4-fold vs placebo in patients with advanced RCC (16, 17) . Frequently reported adverse events of sorafenib are mostly grade 1/2 in severity and include dermatologic (rash and hand -foot skin reaction (HFSR)), gastrointestinal (diarrhea), and constitutional (fatigue) toxicities (16, 17) . The encouraging tolerability profile and clinical activity of sorafenib support its use in patients with advanced RCC.
We investigated the safety, pharmacokinetics, and efficacy of sorafenib in Japanese patients with metastatic RCC, who had received nephrectomy and failed at least one cytokinecontaining regimen, in this pivotal phase II trial in Japan.
METHODS

PATIENTS
Japanese patients with histologically or cytologically confirmed metastatic RCC, who had received nephrectomy and failed at least one cytokine-containing regimen, were eligible for the study. Additional inclusion criteria included: male or female patients aged !18 years; presence of at least one 
STUDY DESIGN
This was a nonrandomized, open-label, phase II study in Japanese patients with metastatic RCC who had received nephrectomy and failed at least one cytokine-containing therapy regimen. The primary endpoint was to determine the response rate, i.e. the proportion of patients with partial response (PR) plus complete response (CR), confirmed according to RECIST. Secondary endpoints were PFS, time to progression (TTP), overall survival, overall best response, overall response duration and time to objective response, and overall disease control rate (i.e. a best response of CR, PR, or stable disease according to RECIST that was maintained for !28 days after the first response was recorded). Patients received sorafenib 400 mg (two 200 mg tablets) orally, twice daily (b.i.d.; approximately 12 h apart) on a continuous dosing schedule. Treatment continued until disease progression, unacceptable toxicity, or death occurred. Dose modification (e.g. discontinuation, or 400 mg once daily (o.d.), or 400 mg o.d. every other day) was applied when the following criteria were met: nonhematologic toxicity (grade 3/4); elevated pancreatic enzymes (grade 4 elevation; pancreatitis; serious or life-threatening); skin toxicities (grade 3 HFSR); hematologic toxicity (grade 4 neutropenia); platelet count ,25 000/ml; hypertension (grade 4 or uncontrollable).
EFFICACY ANALYSIS
Tumor measurements were performed according to RECIST at screening (within 28 days of study start), every 6 weeks for the first 24 weeks (or until disease progression), and every 8 weeks thereafter. For patients with unconfirmed PR or unconfirmed CR, a CT scan for confirmation was performed 4 weeks after the first recorded response. Lesions identified and measured at baseline were evaluated using the same technique, preferably by the same investigator. Tumor evaluation was reviewed by external independent specialists per RECIST guidelines. Disease progression was confirmed by radiography whenever possible; otherwise, it was determined by investigators' clinical judgment. PFS was defined as the time from initiation of treatment to disease progression (radiological or clinical), or death. The overall disease control rate and the tumor response rate were also classified according to the Japanese Urological Association (JUA) evaluation criteria (e.g. the General Rule for Clinical and Pathological Studies on Renal Cell Carcinoma) (19) .
SAFETY EVALUATION
Patients were monitored for adverse events at every visit, according to NCI-CTCAE version 3.0. All patients who had received at least one dose of sorafenib were evaluated for safety (brief physical examination and vital signs) and compliance with sorafenib every 3 weeks for the first 24 weeks, and every 4 weeks thereafter. All laboratory tests were performed in the principal medical center.
PHARMACOKINETICS
Blood samples for pharmacokinetic analyses were collected during week 6 before administration of study drug. C trough,steady-state (ss) (drug concentration in plasma at the expected time to minimum concentration) data were categorized according to the following classification system: patient receives sorafenib 400 mg b.i.d. at week 6 without dose suspension or reduction, from study start to week 6 (classification A); patient receives sorafenib 400 mg b.i.d. at week 6 with dose suspension or reduction, from study start to week 6 (classification B); patient receives sorafenib 400 mg o.d. at week 6 with dose suspension or reduction, from study start to week 6 (classification C).
STATISTICAL ANALYSIS
Response rate was defined as the proportion of patients with confirmed CR and PR in the intent-to-treat (ITT) population. A two-stage procedure was applied, according to the Simon's optimal design (20) , using a one-sided a of 0.05 and a b of 0.20 (the target response rate of interest was 7.5%, and the lower threshold response rate was 2.5%). Statistical analyses were performed at the first stage (54 patients: 1 responder, evaluation of the efficacy with a response rate was closed; !2 responders, the study proceeded to the final stage) and the final stage (108 patients: 5 responders, the regimen was considered inactive; !6 responders, the regimen was considered active). A point estimate and 95% confidence interval (CI) by the Motzer risk category of the response rate (18) were calculated.
Kaplan -Meier and descriptive statistics were calculated for PFS, TTP, overall survival, duration of overall response, and time to objective response. 
RESULTS
PATIENT CHARACTERISTICS
From November 2004 to March 2006, a total of 173 patients were screened: 42 patients were judged ineligible for the study, and 131 patients were entered into the study and received at least one dose of sorafenib. Two patients were excluded from the ITT population for efficacy analyses due to violation of inclusion criteria. Of the remaining 129 patients valid for ITT analyses, 100 were male, and the median age was 63 years (range 30 -83 years; Table 1 ). The most frequently occurring tumor subtypes were clear-cell carcinoma (86.8%), granular cell carcinoma (7.8%), and papillary RCC (3.9%) ( Table 1) . Median time from initial diagnosis to start of treatment was 2.6 years (range 0.3 -17 years; Table 1 ). All patients had received prior nephrectomy and at least one cytokine therapy (IFN-a, 128; IL-2, 60), and 17 (13.2%) patients had received radiotherapy; of these, 72 (55.8%) patients had received IFN-a or IL-2 as palliative therapy (i.e. second-line or third-line therapy after disease progression with first-line treatment). A total of 56 (43.4%) patients required dose reductions or interruptions, of which 54 (96%) were due to adverse events. Median treatment duration was 28.1 weeks (range 0.6-56.1 weeks).
EFFICACY
Confirmed PRs, based on evaluation by an external committee according to RECIST, were observed in 16 (12.4%) patients and the response rate was 12.4% (95% CI: 7.3 -19.4%; Table 2 ). Investigators assessed that 19 (14.7%) patients achieved a PR (e.g. response rate was 14.7%; 95% CI 9.1 -22.0%), and a total of 93 (72.1%) patients achieved stable disease ( Table 2 ). The overall disease control rate (i.e. CR þ PR or stable disease maintained for !28 days) based on investigator assessment was 73.6% (n ¼ 95; 95% CI 65.2 -81.0%). During the study, a total of 103 (80.5%) patients had some degree of tumor shrinkage from baseline values (Fig. 1) . Based on JUA evaluation, response rates were 26.4% (95% CI 19.0 -34.8%) in eligible patients (n ¼ 129) and 28.7% (95% CI: 19.9 -39.0%) in patients who completed assessment according to these criteria (n ¼ 94).
Based on investigator assessment, the median PFS was 224 days (95% CI 178 -280 days; Figure 2 ). The 25th percentile of overall survival was estimated at 288 days. The median duration of response was 238 days, and the median time to response was 42 days (range 35 -172 days) in the 19 patients with a best response of PR. PFS rate at 6 months after treatment was 59 and 88% in patients with stable disease and PR, respectively. A total of 28 deaths were reported among the 129 patients.
SAFETY
A total of 131 patients, who had received at least one dose of sorafenib, were valid for safety analysis. All patients (n ¼ 131) experienced at least one treatment-emergent adverse event, of which 127 patients had an adverse event related to sorafenib ( Table 3 ). The majority of adverse events were mild to moderate in severity (grades 1 and 2). The most frequently occurring drug-related adverse events, occurring in !10% of patients at any grade, were: elevated lipase (56%), HFSR (55%), rash/desquamation (37%), diarrhea (34%), alopecia (39%), increased amylase (38%), and hypertension (27%) ( Table 3 ). The majority of hematological abnormalities, including those related to hemaglobin (69%), lymphopenia (61%), neutrophils (15%), and platelets (31%), were mostly of grade 1 or 2 severity (Table 4) . Although a total of 81 (61.8%) patients had at least one grade 3 -5 drug-related adverse event, grade 4/5 adverse events were relatively infrequent: 17 patients (13%) had at least one drug-related adverse event of worst grade 4 (lipase: eight cases), and one patient (0.8%) had one drug-related adverse event of worst grade 5 (dyspnea occurred 35 days after the last dose of study medication). Pulmonary events of grade 3 -5 in severity were observed in three patients, but no interstitial pneumonitis was reported during clinical or radiological examinations. An analysis of cumulative event rates revealed that HFSR occurred relatively early in the course of sorafenib treatment: of the 72 patients with drug-related HFSR, 43 had new-onset HFSR during the first 3 weeks of treatment, 14 patients had this toxicity at week 6, nine patients at week 9, and fewer thereafter. A similar pattern was observed for rash/desquamation and pruritus. In contrast, the onset of alopecia was more gradual.
A total of 42 (32.1%) patients experienced at least one serious adverse event, of whom 14 (10.7%) patients had serious adverse events related to sorafenib. The most frequently occurring drug-related serious treatment-emergent adverse events were liver dysfunction, alanine transferase (ALT) elevation, and aspartate transferase (AST) elevation, each of which was reported in three patients (2.3%).
A total of 56 (42.7%) patients discontinued treatment due to disease progression, and 10 (7.6%) patients discontinued treatment due to adverse events. Eight deaths occurred within 30 days of the last study-drug administration.
PHARMACOKINETICS
A total of 72 patients were evaluable for C trough,ss values. C trough,ss values in patients with no dose modifications at week 6 (3.03 mg/l) were similar to those in patients who had at least one dose modification, but were still receiving 400 mg b.i.d. in week 6 (3.38 mg/l) ( Table 5 ). C trough,ss decreased by approximately 50% (1.44 mg/l) in patients who had received at least one dose modification and were being treated with 400 mg o.d. in week 6, compared with those on the b.i.d. dosing schedule ( Table 5 ). The C trough,ss value in RCC patients who had not received any dose modification by week 6 (3.03 mg/l) was similar to that obtained at steady state (on day 14; before the morning dose) from a study (no. 11497) involving Japanese patients with progressive mixed solid tumors (3.83 mg/l; range 1.22 -14.77 mg/l) (21) .
DISCUSSION
Encouraging anti-tumor activity was observed with sorafenib 400 mg b.i.d. as a second-line treatment in the present trial; Table 3 . Incidence of drug-related adverse events occurring in !10% of all patients who received at least one dose of sorafenib (n ¼ 131)
Event category
Any grade, n (%) 12.4% of patients achieved confirmed PRs, more than two-thirds of patients had stable disease, and 80.5% of patients had some degree of tumor shrinkage. These findings compare favorably with investigator-assessed efficacy of sorafenib in the pivotal TARGETs phase III trial, in which 10% of patients achieved PRs and 74% had disease stabilization (17) . In the present trial, the PFS rate at 6 months after treatment with sorafenib was 59 and 88% in patients with stable disease and PR, respectively (Table 2 ). It is conceivable that these patients with stable disease as well as PR, who were refractory to prior cytokine therapy, would have an improvement in overall survival. Standard cytotoxic chemotherapies are typically associated with a relatively high level of toxicities, including alopecia, hypersensitivity reactions, bone marrow suppression (primarily neutropenia), arthralgia, myalgias, and neuropathy (22) . Cytotoxics have a narrow therapeutic index, with a small difference between the dose required to produce an antitumor effect and that responsible for unacceptable toxicities (23) . In the present trial, sorafenib administered in a continuous dosing regimen was generally well tolerated with a manageable and predictable toxicity profile. The most frequently reported adverse events included dermatologic events (rash/desquamation and alopecia), gastrointestinal toxicities (diarrhea), hypertension, and increases in pancreatic enzymes (lipase and amylase). Although 30% of patients had grade 3/4 elevated lipase, the majority of these increases were temporary and resolved during the treatment study period and no patients had acute pancreatitis. Only one patient discontinued the study because of increased lipase. Furthermore, the elevated lipase and amylase, hypertension, and new-onset dermatologic events (e.g. rash/desquamation and pruritis) occurred early in the treatment period, while alopecia had the most gradual onset. Importantly, there were no serious hematologic toxicities that are mainly associated with cytotoxic chemotherapies (23) . The toxicity profile observed in the present study is consistent with that reported in other phase II/III trials involving advanced RCC patients, in which sorafenib was associated with more dermatologic toxicities (e.g. HFSR and rash/desquamation) and hypertension (16, 17) .
Pharmacokinetic analyses from a phase I study in patients with a range of advanced refractory solid tumors demonstrated that sorafenib was absorbed at a moderate rate after the first dose, with C max occurring at 2.5-12.5 h after administration (15) . Subsequently, plasma concentrations decreased slowly (15) . Substantial accumulation in plasma was observed following multiple b.i.d. administrations (15) . Similar to the pharmacokinetic characteristics reported after single dosing, plasma exposure (area under curve (AUC) and C max values) exhibited high interpatient variability after multiple doses of sorafenib b.i.d. (15) . This large variability in pharmacokinetics observed in patients with mixed solid tumors is consistent with the pharmacokinetic properties reported in the present trial. Furthermore, the C trough,ss values in RCC patients receiving sorafenib 400 mg b.i.d. observed in the present trial are similar to those obtained from a Japanese phase I study involving patients with a variety of solid tumor types. Taken together, these data suggest that there are no major differences in overall pharmacokinetics between advanced solid tumor patients and RCC patients.
In conclusion, this phase II study demonstrated that sorafenib is generally well tolerated in Japanese patients with metastatic RCC, with encouraging anti-tumor activity. 
